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(54) CDMA multi-code radio reception apparatus 



(57) A CDMA receiving apparatus which can per- 
form coherent detection in multi-code transmission with 
high accuracy by using a pilot signal, and can be easily 
produced. The apparatus demodulates data multi-code- 
transmitted through a plurality of channels, wherein in 
each ot systems for demodulating reception signals of 
the respective channels, there are provided spread 
code generating units (151, 153, 155 and 157) for gen- 
erating spread codes allocated to the channels, spread 
code generating units (152, 154, 156 and 158) for gen- 
erating spread codes in which a pilot signal is spread, 



and despreading units (1 31 to 1 34) for despreading the 
reception signal on the basis of the spread codes gen- 
erated by those spread code generating means, so that 
the transmission condition of line is estimated on the ba- 
sis of the pilot signal extracted by despreading and co- 
herent detection of the reception signals of the respec- 
tive channels is corrected on the basis of the result of 
the estimation. Because the transmission condition of 
line can be estimated by the respective systems, infor- 
mation of the transmission condition need not be distrib- 
uted to the respective systems. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a CDMA (Code Di- 
vision Multiple Access) radio transmission system used 
for mobile communication, or the like, and particularly 
to a CDMA receiving apparatus in which coherent de- 
tection performance in multi-code transmission is im- 
proved by a hardware configuration which can be pro- 
duced easily. 

Description of the Related Art 

In CDMA system mobile communication, spread- 
spectrum communication, in which the spectrum of an 
information signal-to be transmitted is spread by using 
a spread code to a sufficiently wide band compared with 
the original information band width, is performed, so that 
multiple access based on the allocation of the spread 
code to users, that is, code division multiple access is 
performed. 

Further, in digital communication, it is known that 
coherent detection using the same carrier frequency 
both in transmission and in reception to perform modu- 
lation and demodulation of a signal has more excellent 
error-rate characteristic than differential detection for 
obtaining the phase difference in reception wave at a 
distance of one symbol as a detection system. 

In the coherent detection, however, if there is fad- 
ing, the error-rate characteristic is deteriorated by the 
phase change after reception. In the case of PSK (phase 
shift keying) modulation, demodulation data may be ro- 
tated on a phase plane due to the phase change or may 
occupy a phase point different from the original phase 
point. 

In order to solve the problem in such coherent de- 
tection, there is used a system in which the transmission 
side transmits a known signal (pilot signal) contained in 
transmission data to the reception side so that the re- 
ception side estimates the condition of line on the basis 
of the result of reception of the pilot signal and corrects 
the distortion of the transmission signal due to fading. 

As shown in Fig. B, a CDMA transmitting apparatus 
using this system comprises: a switch 86 for outputting 
a transmission data series or a pilot signal selectively; 
a spread code generator B3 for generating a spread 
code to be allocated; a spreader 82 for spreading data 
to be transmitted by using the spread code; a transmis- 
sion RF section 87 for up-converting transmission infor- 
mation into a ratio-frequency signal; and an antenna 88 
for transmission. 

In this transmitting apparatus, when the switch 86 
connected to the lower side is changed over to the upper 
side at regular intervals, the pilot signal is inserted into 
the transmission data series at regular intervals. The 
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transmission information containing the pilot signal in- 
serted therein is spread by the spreader 82 on the basis 
of a spread code of the code #0 generated by the spread 
code generator 83 and is up-converted into a radio-fre- 
s quency signal by the transmission RF section 87, so that 
the radio-frequency signal is transmitted through the an- 
tenna 88. 

In the reception side, after the frequency of the re- 
ception signal is down-converted, the reception signal 

f 0 is despread on the basis of the spread code of the code 
#0 and, further, the channel condition is estimated on 
the basis of the relation between the result of the de- 
modulation of the plot signal inserted in the reception 
signal at regular intervals and the original phase position 

15 of the Pilot signal. While correction is performed on the 
basis of the result of the estimation, coherent detection 
of data continued to the plot signal is performed. 

According to this system, because the pilot signal 
is inserted into the reception data series at regular in- 

20 tervals, correct demodulation can be performed regard- 
less of the time change of the transmission condition 
due to the fading. 

The article "Performance of Coherent RAKE Detec- 
tion using Interpolation on DS/CDMA" by Higashi et al., 

25 described in I El CE Technical Report, October 1 994, has 
proposed a decision feedback interpolation type coher- 
ent detection system using a small number of pilot sym- 
bols to improve accuracy in estimation of a channel 
transmission function in DS/CDMA mobile radio com- 

30 munication and to make it possible to follow high-speed 
fading. According to this system, a pilot symbol is peri- 
odically inserted in an information symbol to be trans- 
mitted to thereby estimate the transmission function of 
the transmission system on the basis of both decision 

35 feedback and interpolation, so that the error rate can be 
reduced. 

Further, in CDMA, a system of "multi-code transmis- 
sion" in which a plurality of channels, that is, a plurality 
of spread codes are allocated to one user and informa- 

40 tion data is divided into a plurality of channels to be 
transmitted is known as a system for transmitting infor- 
mation over an information transmission speed per 
channel (spread code). 

Also in the case of multi-code transmission, use of 

45 the pilot signal has been proposed to improve the co- 
herent detection performance of each channel. There 
has been discussed a system in which a pilot channel 
for transmitting only a pilot signal is provided newly or 
the pilot signal is transmitted while being shifted in time 

so tor every channel, and so on. 

SUMMARY OF THE INVENTION 

From another point of view, an object of present in- 
55 vention is to make coherent detection of the pilot signal 
in multi-code transmission is performed with high accu- 
racy. 

In the CDMA receiving apparatus according to the 
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present invention, first spread code generating means 
for generating spread codes allocated to the channels 
for demodulation, second spread code generating 
means for generating spread codes in which a pilot sig- 
nal is spread, and despreading means for despreading 
the reception signal on the basis of the spread codes 
generated by the first and second spread code gener- 
ating means are provided in each of systems for demod- 
ulating reception signals of respective channels so that 
the channel condition is estimated on the basis of the 
pilot signal extracted by despreading and coherent de- 
tection of the reception signals of the respective chan- 
nels is corrected on the basis of the result of the estima- 
tion. 

Therefore, the channel condition can be estimated 
by system individually, so that information of the channel 
condition need not be distributed to the respective sys- 
tems. As a result, the hardware configuration can be 
simplified. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a configuration of 
a CDMA receiving apparatus according to a first 
embodiment; 

Fig. 2 is a block diagram showing a configuration of 
a transmitting apparatus for performing multi-code 
transmission according to the first embodiment; 
Fig. 3 shows a channel format for multi-code trans- 
mission in the first embodiment; 
Fig. 4 is a block diagram showing the configuration 
of a transmitting apparatus for performing multi- 
code transmission according to a second embodi- 
ment; 

Fig. 5 shows a channel format for multi-code trans- 
mission in the second embodiment; 
Fig. 6 is a block diagram showing the configuration 
of a CDMA receiving apparatus according to the 
second embodiment; 

Fig. 7 is a time chart of spread code generation in 
the CDMA receiving apparatus in the second em- 
bodiment; and 

Fig. 6 is a block diagram showing the configuration 
of a conventional CDMA transmitting apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will be de- 
scribed below with reference to the drawings. 

(First Embodiment) 

The CDMA receiving apparatus according to the 
first embodiment is a receiving apparatus in multi-code 
transmission of the type in which transmission is per- 
formed with a Pilot signal spread on the basis of one 
spread code. 



As shown in Fig. 2, this type transmitting apparatus 
comprises: a serial/parallel converter 21 for distributing 
a transmission data series to respective channels; a 
spread code generator 231 for generating a spread 
5 code #0; spread code generators 232, 233 and 234 for 
generating spread codes allocated to the channels re- 
spectively; a spreader 221 for spreading a pilot signal 
on the basis of a spread code generated by the spread 
code generator 231; an amplifier 24 for amplifying the 
io- output of the spreader 221 ; spreaders 222, 223 and 224 
for spreading respective channel information data out- 
put from the seriaiyparallel converter 21 on the basis of 
spread codes generated by the spread code generators 
232 to 234 respectively; an adder 25 for adding up the 
is outputs of the spreaders 222 to 224; a switch 26 for se- 
lecting an output of the amplifier 24 in a pilot signal trans- 
mission region and selecting an output of the adder 25 
in an information data transmission region to output the 
pilot signal and the transmission data; a transmission 
20 RF section 27 for up-converting the frequency of the 
transmission signal into a radio frequency; and an an- 
tenna 28 for transmission. 

Fig. 3 shows a channel format for multi-code trans- 
mission in this transmitting apparatus. 
25 In this transmitting apparatus, an input transmission 
data series is converted into parallel data of a number 
corresponding to the number (N+1 ) of channels by the 
serial/parallel converter 21 , so that the parallel data are 
output io the channels respectively. The spreaders 222 
30 to 224 spread signals output from the serial/parallel con- 
verter 21 correspondingly to the channels on the basis 
of spread codes generated by the spread code genera- 
tors 232 to 234. Succeedingly, the respective outputs of 
the spreaders 222 to 224 are added up by the adder 25. 
35 On the other hand, the spreader 221 spreads a pilot 
signal on the basis of a spread code #0 generated by 
the spread signal generator 231 , so that the spread pilot 
signal is amplified by the amplifier 24. 

The switch 26 selects the pilot signal output from 
40 the amplifier 24 in each pilot signal transmission region 
(T PL ) shown in Fig. 3 and supplies the pilot signal to the 
transmission RF section 27. Further, the switch 26 se- 
lects the added transmission data output from the adder 
25 in each information data transmission region and 
4S supplies the transmission data to the transmission RF 
section 27. The transmission RF section 27 up-converts 
the frequency of the input signal series into a radio fre- 
quency, so that the signal thus modified is transmitted 
through the antenna 28. 
so As shown in Fig. 1 , this type receiving apparatus 
comprises: an antenna 11 for reception; a reception RF 
section 1 2 for down-converting the frequency of a re- 
ception signal; spread code generators 151, 153, 155 
and 157 for generating spread codes allocated to chan- 
ss nels respectively; spread code generators 1 52, 1 54, 1 56 
and 158 for generating spread codes of the code #0 in 
which the pilot signal is spread; switches 141, 142, 143 
and 144 for selecting spread codes generated by the 
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spread code generators 151, 153, 155 and 157 and al- 
located to the channels respectively in each information 
data reception region and outputting the spread codes; 
correlators 1 31 , 1 32, 1 33 and 1 34 for despreading out- 
puts of the reception RF section 12 distributed to the s 
channels respectively on the basis of spread codes out- 
put through the switches 141 to 144 respectively; de- 
modulators 161, 162, 163 and 164 for coherent detec- 
tion reception data while estimating the channel condi- . 
tion on the basis of the pilot signal; and a parallel/serial m> 
converter 1 7 for converting data output from the demod- 
ulators 161 to 164 respectively into a serial reception 
data series and outputting the reception data series. 

In this receiving apparatus, a reception signal re- 
ceived through the antenna 11 is input to the respective is 
correlators 131 to 1 34 after the frequency of the recep- 
tion signal is down -converted by the reception RF sec- 
tion 12. Further, spread codes of the code #0 are input 
to the respective correlators 131 to 134 through the 
switches 1 41 to 1 44 in each pilot signal reception region 20 
and spread codes allocated to the respective channels 
are input to the respective correlators 131 to 134 
through the switches 141 to 144 in each information data 
reception region. The respective correlators 1 31 to 1 34 
despread the reception signals input by the reception 2S 
RF section 12 on the basis of the input spread codes. 
As a result, pilot signals are extracted in each pilot signal 
reception region by the respective correlators 1 31 to 1 34 
and reception data for the respective channels are out- 
put from the respective correlators 131 to 134 in each 30 
information data reception region. 

Each of the demodulators 161 to 164 has a line es- 
timating circuit, a coherent detection circuit, and a hard 
decision circuit. The demodulators 161 to 164 estimate 
channel conditions on the basis of the relation between 35 
the demodulation result of the pilot signal and the orig- 
inal phase position of the pilot signal, perform coherent 
detection on the reception data of the respective chan- 
nels while correcting the reception data on the basis of 
the estimation result, and then perform hard decision to *o 
supply the hard decision result to the parallel/serial con- 
verter 17. • 

The parallel/serial converter 17 synthesizes a data 
series from the reception data demodulated in the re- 
spective channels and outputs the data series. 4 $ 

As described above, in this CDMA receiving appa- 1 
ratus, estimation of the channel conditions is performed 
on the basis of the pilot signal in the respective chan- 
nels, so that the reception data of the respective chan- 
nels are subjected to coherent detection while being cor- so 
rected on the basis of the result of the estimation. Ac- 
cordingly, unlike the conventional apparatus, informa- 
tion concerning channel conditions need not be distrib- 
uted to the respective channels. In place thereof, the 
number of spread code generators in this receiving ap- ss 
paratus becomes largerthan that in the conventional ap- 
paratus. However, because the spread code generators 
are formed as shift registers of an LSI, this receiving ap- 



paratus is more simplified in terms of hardware config- 
uration and more easily formed in the form of an LSI 
than the conventional apparatus in which information 
transmission paths must be provided. 

Further, when this CDMA receiving apparatus is 
configured so that the outputs of the demodulators 161 
to 1 64 can be taken out individually, the CDMA receiving 
apparatus can be applied to single code transmission in 
which information is transmitted by using a single 
spread code. In this case, this CDMA receiving appara- 
tus can be provided as a receiving apparatus which can 
be also applied to single code transmission using any 
one of the codes #0 to #N as a spread code. 

Although Fig. 1 shows the case where spread code 
generators 151 and 152 for generating spread signals 
of the code #0 and a switch 141 are provided corre- 
spondingly to a channel 0, only one spread code gen- 
erator may be provided in practical circuit design so that 
the other spread code generator and the switch can be 
omitted. 

(Second Embodiment) 

The CDMA receiving apparatus according to the 
second embodiment is a receiving apparatus corre- 
sponding to a multi-code system for transmitting a Pilot 
signal while shifting time successively for every chan- 
nels. 

As shown in Fig. 4, this type transmitting apparatus 
comprises: a serial/parallel converter 41 for dividing a 
transmission data series into respective channels; 
switches 461, 462 and 483 for selecting Pilot signals in 
pilot signal transmission regions set correspondingly to 
the respective channels and selecting the outputs of the 
serial/parallel converter 41 in information data transmis- 
sion regions set correspondingly to the respective chan- 
nels; spread code generators 431 , 432 and 433 for gen- 
erating spread codes allocated to the respective chan- 
nels; spreaders 421 , 422 and 423 for spreading output 
signals of the switches 461 to 463 on the basis of the 
spread codes generated by the spread code generators 
431 to 433; an adder 45 for adding up the outputs of the 
spreaders 421 to 423; a transmission RF section 47 for 
up-converting the frequency of a transmission signal 
output from the adder 45 into a radio frequency; and an 
antenna 46 used for transmission. 

Fig. 5-shows a channel format for multi-code trans- 
mission in this transmitting apparatus. A pilot signal is 
spread on the basis of spread codes of the respective 
channels so that the timing of Pilot signal transmission 
regions T PL#0 to T PL#N in the respective channels never 
overlap one another. 

As shown in Fig. 6, the receiving apparatus of this 
type comprises: an antenna 61 for reception; a reception 
RF section 62 for down-converting the frequency of a 
reception signal; spread code generators 651 , 653 and 
655 for generating spread codes allocated to the re- 
spective channels; correlators 631 , 633 and 635 for de- 
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spreading the signal output trom the reception RF sec- 
tion 62 and distributed to the respective channels on the 
basis of the spread codes generated by the spread code 
generators 651 , 653 and 655; spread code generators 
652, 654 and 656 for successively generating spread £ 
codes #0 to #N allocated to the all channels; correlators 
632, 634 and 636 for despTeading the signal output from 
the reception RF section 62 and distributed to the re- 
spective channels on the basis of the spread codes gen- 
erated by the spread code generators 652, 654 and 656; 10 
channel condition estimating circuits 681 , 6B2 and 683 
for estimating channel conditions on the basis of the de- 
modulation conditions of the pilot signal output from the 
correlators 632, 634 and 636; demodulators 661 , 662 
and 663 for demodulating reception data in the respec- « 
five channels on the basis of the result of the estimation 
in the channel condition estimating circuits 681 to 683; 
and a parallel/serial converter 67 for converting the out- 
put data of the demodulators 661 to 663 into a reception 
data series and outputting the reception data series. 20 

Fig. 7 shows the timing of spread code generation 
in the spread code generators 652, 654 and 656 for gen- 
erating spread codes #0 to #N. The spread code of the 
code #0 is generated correspondingly to the pilot signal 
transmission region T PL#0 of the channel 0, the spread 2$ 
code of the code #1 is generated correspondingly to the 
Pilot signal transmission region T PL#1 of the channel 1, 
and the spread code of the code #N is generated corre- 
spondingly to the Pilot signal transmission region T PL#N 
of the channel N. 30 

In this CDMA receiving apparatus, a reception sig- 
nal received through the antenna 61 is input to the re- 
spective correlators 631 to 636 after the frequency of 
the reception signal is down-converted by the reception 
RF section 62. Among these correlators, the correlators 35 
631 , 633 and 635 despread the reception signals output 
from the reception RF section 62 on the basis of the 
spread codes allocated to the respective channels and 
supply results of the despread to the demodulators 661 
to 663. 40 

Further, the correlators 632, 634 and 636 despread 
the reception signals output from the reception RF sec- 
tion 62 on the basis of the spread codes generated by 
the spread code generators 652, 654 and 656 to thereby 
demodulate a pilot signal transmitted through the re- 45 
spective channels in the all pilot signal transmission (re- 
ception) regions T PL#0 , T PL#1 , ... T PL#N shown in Fig. 7. 

The outputs of these correlators 632, 634 and 636 
are input to the channel condition estimating circuits 681 
to 683. The channel condition estimating circuits 681 to so 
6B3 estimate the channel conditions at respective points 
of time in the pilot signal reception regions T PL # 0 , 
T PUn , ... T PL#N on the basis of the demodulation condi- 
tions of the pilot signal at the respective points of time. 

The channel condition estimation information ob- 55 
tained by the channel condition estimating circuits 681 
to 6B3 is supplied to the demodulators 661 to 663 of the 
respective channels. The demodulators 661 to 663 per- 



form coherent detection on the reception data of the re- 
spective channels while correcting the reception data on 
the basis of the results of the estimation and supply the 
results of hard decision thereof to the parallel/serial con- 
verter 67. 

The parallel/serial converter 67 synthesizes one se- 
rial data series from the reception data demodulated in 
the respective channels and outputs the data series. 

. As described above, in this receiving apparatus, es- 
timation of channel conditions is performed in the re- 
spective channels at short intervals on the basis of the 
pilot signal transmitted through the all channels, so that 
the reception data of the respective channels are sub- 
jected to coherent detection while being corrected on 
the basis of the results of the estimation. Accordingly, 
this apparatus does not require any configuration for dis- 
tributing information concerning channel conditions to 
the respective channels so as to be simplified in hard- 
ware configuration. 

Further, in this receiving apparatus, the pilot signal 
transmitted through the other channels can be used for 
estimation of channel conditionsjn the respective chan- 
nels. Accordingly, the channel conditions can be detect- 
ed at short intervals, so that this apparatus can be ac- 
curately applied to the short-term change of the channel 
conditions. 

As is obvious from the above description, the CDMA 
receiving apparatus according to the present invention 
can be simplified in hardware configuration and easily 
provided in the form an LSI. Further, even in the case 
where a plurality of LSI substrates are used, this appa- 
ratus can be produced without complex configuration. 

Further, in the receiving apparatus in which channel 
conditions are estimated in the respective channels on 
the basis of the pilot signal transmitted through the all 
channels, the channel conditions can be detected at 
short intervals so that this apparatus can be accurately 
applied to the change of the channel conditions. 



Claims 

1. A CDMA (Code Division Multiple Access) receiving 
apparatus for demodulating data multi-code-trans- 
mitted through a plurality of channels, said appara- 
tus comprising in at least one part of systems for 
demodulating reception signals of the respective 
channels: 

first spread code generating means (151, 153, 
155, 157) for generating spread codes allocat- 
ed to the channels for demodulation; 
second spread code generating means (152, 
154, 156, 158) for generating spread codes in 
which a pilot signal is spread; and 
despreading means (131, 132, 133, 134) for 
despread ing the reception signal on the basis 
of the spread codes generated by said first and 
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second spread code generating means, where- 
by channel condition is estimated on the basis 
ot the pilot signal extracted by despreading so 
that the reception signals ot the respective 
channels are subjected to coherent detection 5 
on the basis of a result ol the estimation. 

2. A CDMA receiving apparatus according to Claim 1 , 
wherein: 

10 

said pilot signal is spread on the basis ot one 
spread code; and 

said second spread code generating means 
(1 52, 1 54, 1 56, 1 58) generates said one spread 
code. 75 

3. A CDMA receiving apparatus according to Claim 1 
or 2, wherein: ■ 

each of said systems includes said despread- 
ing means, and selection means (141, 142, 143, 20 
1 44) for selecting said spread codes generated by 
said first and second spread code generating 
means (151,1 53, 1 55, 1 57, 1 52, 1 54, 1 56, 1 58) and 
supplying the selected spread code to said de- 
spreading means (131,1 32, 1 33, 1 34). 2$ 

4. A CDMA receiving apparatus according to Claim 3, 
wherein: 

said selection means (141, 142, 143, 144) 
supplies the spread code generated in each pilot 30 
signal reception period by said second spread code 
generating means (152, 154, 156, 158) to said de- 
spreading means (131, 132, 133, 134) and supplies 
the spread code generated in each information data 
reception region by said first spread code generat- 35 
ing means (1 5 1 , 1 53, 1 55, 1 57) to said despreading 
means (131, 132, 133, 134). 

5. A CDMA receiving apparatus according to Claim 1 , 
wherein: 40 

said pilot signal is spread while being shifted 
in time on the basis of spread codes allocated to the 
respective channels so that said second spread 
code generating means (152, 154, 156, 158) suc- 
cessively generate the spread codes allocated to 
the respective channels. 

6. A CDMA receiving apparatus according to Claim 5, 
wherein: 

so 

each of said systems includes a first despread- 
ing means (631 , 633, 653) for despreading the 
reception signal on the basis of the spread code 
generated by said first spread code generating 
means (651, 653, 655), and a second de- 55 
spreading means (632, 634, 636) for despread- 
ing the reception signal on the basis of the 
spread code generated by said second spread 



code generating means (652, 654, 656); and 
the transmission condition of line is estimated 
on the basis of the pilot signal extracted by de- 
spreading in said second despreading means 
(632, 634, 636) so that the signal despread by 
said first despreading means (631 , 633, 653) is 
subjected to coherent detection on the basis of 
a result of the estimation. 
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